We have conducted an investigation into how well students in introductory science classes (both physics and chemistry) are able to predict which questions they will or will not be able to answer correctly on an upcoming assessment. An examination of the data at the level of students' overall scores reveals results consistent with the Dunning-Kruger effect, in which low-performing students tend to overestimate their abilities, while high-performing students estimate their abilities more accurately. Similar results have been widely reported in the science education literature. Breaking results out by students' responses to individual questions, however, reveals that students of all ability levels have difficulty distinguishing questions which they are able to answer correctly from those that they are not able to answer correctly. These results have implications for the future study and reporting of students' metacognitive abilities.
I. INTRODUCTION
Historically, a great deal of work in the field of physics education research (PER) has focused on the improvement of student conceptual understanding [1, 2] . Another focus has been on students' epistemologies and their beliefs about the nature of physics and of learning in physics [3, 4] . More recent work examines students' self-efficacy [5] , and their reasoning skills more broadly [6] . Many curricula and educational interventions [7] [8] [9] [10] [11] have been devised and shown repeatedly to be effective at improving students' conceptual understanding [12] [13] [14] [15] [16] or their beliefs about learning physics [17, 18] . In order to truly demonstrate understanding, however, students must be able to not only answer questions correctly but also to recognize their correctness. In other words, students should be able to reflect on, and be metacognitive about, their learning. Metacognition is loosely defined as "thinking about one's own thinking," but some authors note that "studies (of metacognition) do not support a coherent understanding of this concept" [19] . Here, we examine one aspect of metacognition: students' ability to evaluate their own understanding. In particular, we have investigated their metacognitive calibration, which describes how accurately someone assesses their own knowledge: "A well calibrated individual correctly assesses his state of knowledge, knowing when he knows, and knowing when he does not know. In contrast, the self-assessments of knowledge of the poorly calibrated person are uncorrelated with actual states of knowledge" [20] . To demonstrate understanding, students are expected to recognize questions that they are capable of answering correctly, and to distinguish them from those that they are not capable of answering correctly. The ability to recognize what one does and does not know may be a prerequisite skill for allowing students to reflect on and regulate their own learning [21] . This ability of self-reflection may in turn lead to an additional increase in understanding [22] .
Previous studies in chemistry courses [23] have shown that students who do not perform well on course assessments typically overestimate their abilities. Those students who perform near the top of the class tend to assess their abilities more accurately and even appear a bit underconfident. This is an instance of a well-studied phenomenon in the educational psychology literature known as the Dunning-Kruger effect [24] . Dunning and Kruger suggest that the students who do not perform well lack not only the content knowledge, but also the metacognitive skills that would allow them to recognize their lack of content knowledge. The DunningKruger effect is a result of this lack of metacognitive skill, which leads to the much greater disparity between self-assessed skill and actual skill for students who perform poorly than for students who perform well.
This paper presents an investigation into student ability to distinguish items that they can answer from those that they cannot answer correctly. We explore factors that may influence this ability, including attributes of the students themselves (as measured by their exam performance) and attributes of the questions (for instance, the topic being assessed). While the main focus of the study is an introductory calculus-based mechanics class, data from a chemistry course (General Chemistry I) are presented to serve as a comparison and counterpoint.
The primary tool used in this investigation is a Knowledge Survey [25] . A Knowledge Survey (KS)
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consists of a large set of questions (≥100), administered before students complete a course assessment (such as the final exam). Students do not attempt to answer these questions. Instead, they indicate for each question which of the following levels best matches their confidence in their ability to answer correctly:
(A) I could answer this question correctly.
(B) I could answer 50% of this question, or know where to quickly get the information I need. (C) I am not confident that I could answer this correctly. A subset of the questions on the KS are closely matched (albeit not identical) to questions on the course assessment. Students' responses to these questions on the KS can then be compared against their actual performance on the course assessment. The KS can thus give an indication of whether students can accurately identify questions that they are able to answer correctly. For students, reviewing the KS can provide them a quick and easy map of where they feel they must invest some time (for choice B) or substantial time (for choice C) in studying. (In practice, we found that very few students selected choice C on the KS, as will be described below. In our analyses, we have thus grouped choices B and C together.)
Although the work presented here provides evidence for the Dunning-Kruger effect as it is traditionally reported, a more detailed analysis of the data gives other indications. When examined on a question-by-question basis, students in the top third of the class are actually not any more successful at distinguishing between items they are able to answer correctly and those that they are not able to answer correctly than are students in the bottom third, suggesting that the Dunning-Kruger effect may not tell the whole story.
II. BACKGROUND
Many studies have looked at how students assess their own knowledge after completing an assessment or exam. Dunning and Kruger reported that students tend to overestimate their own scores on assessments, and that such overestimation is typically worst among subjects who perform the worst on these assessments. They link this to poor metacognitive skills among those subjects [24, 26] . Such an effect has also been reported extensively in the sciences. For example, Rebello [27] reported that when asked to estimate their scores at the conclusion of an exam, students in a physics course tended to overestimate their own score and to underestimate the scores of their classmates. He also found that the overestimation was worse among the students who scored in the bottom third of the class. He suggested that encouraging low-performing students to reflect on why they might have overestimated their performance might enable those students to improve their performance on future assessments. The DunningKruger effect has also been reported in General Chemistry [28] and Organic Chemistry [29] courses, when students were asked to assess their own performance after completing an assessment. Furthermore, when students are asked to make predictions about their performance before completing an assessment, a similar phenomenon arises. Bell and Volckmann [23] , for instance, reported an observation of the Dunning-Kruger effect when students were asked to complete a Knowledge Survey prior to taking an associated assessment.
The status of the Dunning-Kruger effect as a real effect, however, has been called into question. Krueger and Mueller [30] suggest that the observed result may be due to a combination of statistical regression and "better than average" effects (most people believe that they are better than the average person). Other investigators have suggested that its prevalence may be related to the difficulty (or students' perception thereof) of the test items at hand [31] . Despite these concerns, reports of the DunningKruger effect continue to be prevalent in the science education literature. These conflicting conclusions indicate that further analysis is warranted.
Each of the studies described above effectively looks only at students' aggregate score-i.e., how well they are able to predict their overall score on an assessment, or how well a series of judgments on a KS reflects students' overall score on the final exam [23] . Other research, primarily in the fields of psychology and educational psychology, examines how well students' confidence on individual items matches their scores on those items. Rosenthal et al. found that when students in a psychology class were asked to rate their confidence in each item they responded to on a final exam, the average of their confidence judgments correlated with their overall exam score. These students were also asked to predict their overall exam score before taking the exam, and "postdict" their exam score after completing the exam. The pre-and postdicted overall exam scores did not correlate with the students' actual exam scores. This suggests that the students were more accurate in making a series of microlevel judgments (evaluating the correctness of individual answers to test items) than they were in making accurate macro-level judgments of their overall score [32] . Sinkavich, in a study of students in educational psychology courses, found a similar result, and also observed that students as a whole were more likely to get correct an item to which they had given a higher confidence rating than one to which they had given a lower confidence rating [33] . Sinkavich also observed that this effect was much more pronounced for "good" students (those scoring in the top 33% of the class) than for "poor" students (those scoring in the bottom 33% of the class). For poor students, he reported little variation in the percent of correct responses given across different confidence ratings. These results collectively suggest that analysis of student responses at a microscale might be used to examine other perspectives on the Dunning-Kruger effect.
Within physics education, studies have examined whether student confidence can be used as an indicator of the presence of strong alternative conceptions. Potgieter et al. [34] compared student confidence on items that many students get wrong due to the presence of strong alternative conceptions relative to those that students get wrong for other reasons (e.g., lack of problem-solving skills). They found that student confidence tends to be more inflated on items for which strong alternative conceptions exist; the inflation of confidence on those items for which students simply lacked a needed skill was much lower.
Many studies have looked at various measures of student calibration, including student ability to predict their overall scores on assessments, as well as student judgments of their confidence on individual test items. No prior study, however, has examined at both a macro-and a microlevel how well students are able to assess their knowledge (i.e., to predict which specific items they will be able to answer and which they will not be able to answer) before attempting to answer the items. The ability to make such determinations of knowledge is necessary if students are to be able to direct their own studying-if they are to be able to engage in selfregulated learning.
III. METHODS

A. Student population
This study was conducted at Penn State Greater Allegheny, a small campus of The Pennsylvania State University located in Western Pennsylvania. This paper will focus on research conducted in two courses: Physics 211 (introductory calculus-based mechanics) and Chemistry 110 (General Chemistry I). Both of these courses are offered every semester, and primarily serve STEM majors in their first two years of study. In Physics 211, approximately 25% of the students are female and 75% are male. Data associated with the General Chemistry course were only collected from students concurrently enrolled in the General Chemistry laboratory (Chemistry 111), as the researchers had greater access to this course and the lab setting allowed ample time for administration of the KS. For many students in Chemistry 110, the lab course is taken concurrently to fulfill either major or general education requirements. The subset of students from which data were collected represents roughly 70% of the total students enrolled in the general chemistry lecture. The General Chemistry course and lab are typically 30% female. Students in both the physics and the chemistry courses typically attend under the "2 þ 2" program: They complete the first two years of their major at the campus, and then move to another larger campus to complete the final two years. Throughout this study, Physics 211 was taught by an author of this paper (B. A. L.). The instructor made full use of the results of Physics Education Research (PER): the course was taught in an interactive manner including interactive materials developed in-house as well as Peer Instruction questions [16] , small-group problem solving, and tutorial worksheets such as Tutorials in Introductory Physics [7] . Data from Chemistry 110 come from sections taught by a faculty member who was not otherwise involved in the research. It was taught in a traditional lecture format with little emphasis on interactive engagement.
B. Development of the Knowledge Survey
The primary tools used in this study were the Knowledge Surveys (KS) themselves. We developed a KS for each of the courses involved. Each KS consisted of a large number (≥100) of questions, which were meant to mirror the breadth and depth of the final exam of the course in which the KS was deployed.
For the physics KS, questions were drawn from exams given in prior semesters, from the PER literature, and from well-known Concept Inventories such as the Force Concept Inventory (FCI) [35] and the Force and Motion Conceptual Evaluation (FMCE) [36] . The "questions" thus consisted of short problems to be solved, conceptual questions requiring complex reasoning, and conceptual questions that appealed to students' common sense. Students were already familiar with each of these question types-all three had been common throughout the semester on in-class activities, homework assignments, and course exams. Sixteen questions were carefully matched to specific questions from post-course assessments: Eight were drawn from the course final exam, and another eight were drawn from the FCI. The same final exam was used in all sections of each course from which data are drawn. In each case, the "matched" questions on the KS contained a version of the question stem from the assessment, but did not include the multiplechoice answer options that would be present when students actually completed the assessment. (Although the final exam included both free-response and multiple-choice elements, only the multiple-choice questions were matched to KS questions, for ease of unambiguously identifying a response as "correct" or "incorrect.") For an example of a pair of KS questions and the corresponding matched exam questions, see Fig. 1 .
For the chemistry KS, questions were primarily drawn from exams given in prior semesters, and covered a wide range of topics typical of a first semester of chemistry. The researchers had access to the actual final exam given in the course, which was composed entirely of multiple-choice questions. Twenty-five of the KS questions were nearly equivalent to questions appearing on the final exam. These 25 questions were used to create the matched subset.
C. Administration of the KS
The KS was administered in the first half of the final week of the semester. Students were given as much time as they needed, but were told that it should not take them more than half an hour to complete the KS. Completing the KS was a course requirement for all students and a small amount of course credit was awarded for doing so. The students were given the opportunity to sign an informed consent form; only those students who gave consent are included in our sample.
In Physics 211, the KS was administered online. Students had access to the KS online after they had completed it. Thus they could, in principle, refer back to questions on the survey as they were preparing for the final exam. In Chemistry 110, the KS was administered on paper during a lab session. The researcher collected the KS and students did not have subsequent access to it.
D. Scoring the KS
In previous studies, scores on the KS have been calculated by mapping every "A" response to a large point value (e.g., 100 points), every "C" response to a small point value (e.g., 0 points), and every "B" response to an intermediate point value (e.g., 50 points) [23, 37, 38] . The total KS score could then be calculated by averaging the scores of all the items. In practice, however, we found that very few students selected choice "C" (which would indicate that they recognize that they are unable to answer a particular question). Our analysis focuses on only those items that were carefully matched between the KS and the end-of-course assessments. From this question pool, "C" accounted for only about 10% of choices overall, and between 25% (chemistry) and 58% (physics) of students never selected choice C for any of the matched questions.
It was decided that students might not be adequately distinguishing between choices "B" and "C", and thus these two responses were combined in this analysis. Every "A" response was coded as 100 points, and every "B" or "C" response was coded as 0 points. This would clearly distinguish between items that students are absolutely certain they are able to answer (for which they have chosen A) and those items for which they experience any doubt in their ability to answer. As in other studies, the total score on the KS was calculated by averaging the scores for the individual items. Since our focus was on the subset of KS items that were matched to end-of-course assessment items, a score is calculated for just that subset. This score is referred to as the "KS-matched score." The actual assessment items were graded as correct or incorrect, and a student's score on the matched assessment items was calculated as the percent of the matched items to which they had responded correctly. These two scores (the KSmatched score and the actual score on the matched assessment items) are both reported as percentages that can easily be compared to one another.
IV. RESULTS
A. Results from the physics course 1. Matched KS and assessment items: Overall score
There was an overall correlation between students' KS-matched scores and the scores that they actually achieved on the matched assessment items, rð58Þ ¼ 0.511, p < 0.01 (see Fig. 2 ). This suggests that overall students who are doing well in the course recognize that they are doing well, and indicate that they believe they are able to answer correctly many of the items on which they will be assessed. These findings are consistent with those reported in other work [23] . As can be seen from Fig. 2 , however, the data are very noisy. At the level of the individual student, there is a large variation in how accurately they assess their abilities. To compare our results with those reported by Dunning and Kruger as well as many others, we grouped our students by ability levels. We used students' overall performance on the course final exam as the best available metric of their actual "physics ability" at the end of Physics 211. Students were grouped into thirds ("bottom third," "middle third," and "top third") based on their exam score. When plotted as in Fig. 3 , a pattern similar to the one reported by Dunning and Kruger (1999) , and replicated in many other studies [23, 28, 29] emerges: students in the top and middle third of the class appear to be well calibrated, while students in the bottom third tend to overestimate their abilities. These results appear to provide support for the Dunning-Kruger effect, suggesting that students who perform poorly on course assessments not only lack content knowledge, they also lack metacognitive awareness of themselves. In the next section, however, we present an alternate analysis of our data, which suggests a different interpretation of the results.
Comparing predictions and assessments for individual items
In addition to calculating an overall score on the KS and comparing this to the student's exam score, for each of the matched questions, we examined how a student's selection on the KS (A vs B or C) related to their actual performance on that item. The number of items to which a student had responded A and had subsequently given a correct response to was divided by the total number of items to which that student had responded A to determine the proportion of A items that were correct. These items could be considered "true positives"-students believed (according to their KS responses) that they could answer these questions correctly, and they went on to do so. The proportion of B and C items that were correct was similarly determined by dividing the number of items to which a student had responded B or C and had subsequently answered correctly by the total number of items to which they had responded B or C. These items could be considered "false negatives"-students' KS responses indicated that they did not believe they could answer these questions correctly, and yet they did so on the assessment. Results of these calculations are shown, broken out by student ability level, in Fig. 4 . Note that while the percentage of "A" questions and "B or C" questions to which students responded correctly appears similar within each group, these percentages are being calculated out of different values. For instance, students at the top of the class selected "A" much more frequently than they selected "B" or "C", an average of 11.4 times and 3.4 times, respectively, out of the 16 matched questions.
(The averages do not sum to 16 because not all students gave a response to every KS question.) For the students at the bottom and middle of the class, the values were much more equal, with students choosing "A" or "B or C" on average 7.9 times and 7.1 times, respectively, for the students in the middle of the class, and 7.1 times and 7.9 times, respectively, for students at the bottom of the class. Nine students were not included in this analysis as they had either never selected B or C or never selected A for any of the matched KS questions. We expected that students would answer a larger percentage of items correctly for which they had selected A than they would items for which they had selected B or C. This was not the case. A mixed-methods analysis of variance did not reveal a significant main effect for the students' selection of A vs B or C, Fð1; 48Þ ¼ 2.096, p ¼ 0.154. In other words, in the physics class, students were just as likely to get right an item for which they had selected B or C as they were one for which they had selected A. This suggests that students may not be distinguishing correctly between what they know and what they do not know when making selections on the KS. There was also no interaction effect between students' ability level and the proportion of A items that were correct vs the proportion of B and C items that were correct, Fð2; 48Þ ¼ 1.443, p ¼ 0.246, suggesting that the lack of an ability to distinguish what they know from what they don't know holds across students of all ability levels. Students in the top third of the class, for example, get right about 70% of the questions for which they have chosen A, but they also get right about 70% of the questions for which they have chosen B or C-suggesting that they are not correctly identifying all of the questions that they are able to answer correctly. For the bottom third of the class, students responded correctly on about 43% of the questions to which they had responded A, but were correct on only about 25% of the questions for which they had selected B or C. The disparity between the fraction of A items to which students in the bottom third of the class responded correctly and the fraction of B or C items to which they responded correctly appears larger than for the students in the top third of the class, although this difference did not rise to the level of statistical significance. At the very least, students who appear (based on a comparison between their overall KS-matched score and their actual score on the matched questions) to be more well calibrated are not actually distinguishing more clearly between which items they are able to answer correctly and which items they are not able to answer correctly than are students who appear to be less well calibrated. This suggests that the method of using students' predicted exam score and comparing to their actual exam score may obfuscate key aspects of students' metacognitive abilities.
In addition to comparing the proportion of A items that were correct and the proportion of B or C items that were correct for each student, it was also possible to compare these proportions for each question, and determine whether there is a particular question type or topic that led to more accurate student judgments. Fisher's exact test was calculated for each of the matched questions to determine whether the proportion of correct responses for that question differed by the judgment of ability made by students on the KS for that question. For the physics question set, only one of the sixteen matched questions yielded at significant result (Bonferroni corrected p ¼ 0.011). This question is one of those shown in Fig. 1 . It involved an object of known mass attached to a string being rotated in a vertical circle of known radius; students were given the velocity of the object at the bottom of its path, and asked to calculate the tension in the string at that point (exact values of the radius, the mass, and the velocity differed between the KS and the exam, but the questions were otherwise identical). Fiftynine students responded to this item on both the KS and the final exam; of those, 17 responded to this item with an A on the KS, while the remaining 42 responded with a B or C. 15 of the 17 who responded A (88%) answered this question correctly on the final exam, while only 17 of 42 (40%) who responded B or C answered the question correctly on the final exam. On both the KS and the final exam, this question was immediately preceded by a similar question (also shown in Fig. 1 ) in which the object was being rotated in a horizontal circle. On that question, Fisher's exact test did not reveal a significant difference between the proportion of correct responses provided at each KS judgment level (Bonferroni corrected p ¼ 1). Sixteen out of 20 students (80%) who responded A answered the question correctly, while 27 out of 38 (71%) who responded B or C answered correctly.
B. Results from the chemistry course
As in Physics 211, there was an overall correlation between students' KS-matched scores and the scores that they actually achieved on the matched assessment items for Chemistry 110, rð58Þ ¼ 0.465, p < 0.01. For this course, however, when grouped into thirds based on their overall final exam scores, students in the top third of the class were underconfident while students in the middle and bottom thirds were somewhat overconfident (see Fig. 5 ). Again, this is consistent with the Dunning-Kruger effect and similar to results seen in equivalent courses when students postdict their exam scores [28] .
In contrast to the Physics 211 students, Chemistry 110 students were, as a group, able to distinguish between the items they could answer correctly and items they could not answer correctly. Results for the fraction of A items to which students responded correctly and B or C items to which the students responded correctly, broken out by student ability level, are shown in Fig. 6 . A mixed-methods analysis of variance revealed a significant main effect for the students' selection of A vs B or C, Fð1; 57Þ ¼ 17.503, p < 0.001. However, the interaction effect between a student's selection of A vs B or C and their ability level was not significant, Fð2; 7Þ ¼ 2.275, p ¼ 0.112. This suggests that once again students who scored well on the exam overall were not more successful than those who scored poorly at distinguishing between the items that they would get right and those that they would get wrong.
As in
the proportion of correct responses for that question differed by the judgment of ability made by students on the KS. Two of the twenty-five matched questions yielded a significant result (Bonferroni-corrected p ¼ 0.05 and 0.025, respectively). Both of these questions were based on the topic of intermolecular forces, or the electrostatic attractions experienced by neighboring molecules as a result of uneven electron distribution.
V. DISCUSSION
The KS delivered in Physics 211 and the one delivered in Chemistry 110 were not expected to be analogous to one another. The courses in which they were deployed were taught in significantly different ways. Different authors developed the Knowledge Surveys, and the surveys emphasized different aspects of course content. In particular, there was a much higher emphasis on conceptual understanding in the physics KS and exam than on the chemistry KS or exam. Despite these differences, there are several features of the data that are strikingly similar. In both physics and chemistry courses, when average scores for the matched subset of the KS questions and the exam questions were compared, students who do poorly on the course exam appear to be overconfident, while those who score in the middle of the exam distribution appear to be more well calibrated. In both cases, however, when individual judgments were compared, there was no difference between the ability groups in terms of how well they were able to distinguish between those individual items they were able to answer correctly, and those that they were not able to answer correctly.
As noted above, we expected that students would respond correctly for a higher percentage of items to which they had responded A than for those to which they had responded B or C. In other words, a well-calibrated student would respond correctly to most of the items for which they had selected A (leading to a high "fraction of A correct") and would respond incorrectly to most of the items for which they had selected B or C (leading to a low "fraction of B-C correct"). For a student who is less metacognitively aware, these percentages would be expected to be more similar or possibly even reversed. If students at the top of the class are truly more metacognitively aware than students at the bottom of the class (as the DunningKruger effect would suggest), then the disparity between "fraction of A correct" and "fraction of B or C correct" would be stronger for students at the top of the class than at the bottom of the class. In neither the physics course nor the chemistry course was this observed to be correct-in fact, the disparity between "fraction of A correct" and "fraction of B or C correct" appears, if anything, to be larger for students at the bottom of the class than for students in the middle or top of the class in both courses. In Physics 211, students had access to the KS after they completed it. Thus it could be argued that perhaps the students in the top and middle thirds of the class were successful at studying from the KS before completing the final exam. That might result in their doing as well on the items for which they chose B or C as they did on those items for which they chose A. In Chemistry 110, however, students did not have access to the KS as a study aid after they had completed it. In that course, the disparity between the fraction of items to which students had responded "A" that they went on to answer correctly and the fraction of items to which students had responded "B" or "C" that they went on to answer correctly is relatively constant across the groups of students, regardless of the ability levels of the students. This suggests that the students in the bottom third of the class are not less successful from distinguishing the items they can answer from those they cannot answer, even in a course where students do not have the opportunity to study from the KS.
The role that the questions themselves play in contributing to students' judgments of what they do or do not know remains an open question. Potgieter et al. found that students tend to be overconfident in their responses to items for which strong alternative conceptions exist [34] . In this study, we expected that such an effect might result in students being overconfident on the FCI items, for which there are frequently strong alternative conceptions [35] i.e., it was expected that students would select A on the KS for the FCI items more frequently than they would for the final exam items, even if they were not actually more likely to get the FCI items right. Our observations support this expectation. Students in Physics 211 were much more likely to select A for the FCI questions than they were for questions drawn from the final exam. For the eight FCI items, the mean percentage of students responding A on the KS was 76%, while for the eight final exam items it was 43%. An independent-samples Mann-Whitney U test of the percentage of students who responded A for each of these questions revealed that there was a significant difference between these results, p < 0.01. On average, students were more likely to predict that they could answer an FCI question correctly than they were to predict that they could answer a final exam question correctly. The actual percent of students responding correctly to each of these questions, however, was 60% correct for the FCI questions and 50% correct for the final exam questions. This was not a significant difference (independent samples Mann Whitney U test, p ¼ 0.442). This is consistent with the idea that students as a whole may be overconfident on items for which there exist strong alternative conceptions.
Another aspect of the questions that may influence student ability to determine whether or not they will answer a question correctly is the extent to which the question can be answered using plug-and-chug techniques with a simple memorized formula. As described above, the only question on the physics KS for which students as a group were significantly able to discriminate whether or not they would be able to answer correctly involved forces and motion in the context of a vertical circle. Students were not able to discriminate at a significant level as to whether they would correctly answer a question involving motion in a horizontal circle. It is unclear why one of these questions would lead to better discrimination of student ability than the other, but one hypothesis is that most students were uncertain that they could answer either question correctly (more than 65% of students chose B or C on the KS for each of these questions), but were able to plug given values into a single formula (F c ¼ mv 2 =R) and get a correct answer for the tension in the case of the horizontal circular motion (leading them to a correct answer on the exam). In other words, students may have been able to respond correctly to the horizontal circle question without understanding why their response was correct. Poor calibration for this question might therefore be indicative of the rote use of a formula without relevant conceptual understanding. This strategy would not work for the vertical circle question-only students who were able to construct correct free-body diagrams for the object, and set up and solve a relationship representing Newton's second law for the object in question would be able to respond to the second question correctly. Most students who had these skills may have recognized that fact, leading them to select A on the KS.
The results from the chemistry course suggest that students might be able to recognize certain topics as being more challenging, and adjust their KS responses appropriately. As described above, both questions for which Fisher's exact test yielded a significant result (indicating that students as a group were able to distinguish whether or not they could respond correctly) centered on the topic of intermolecular forces. This topic, unlike many others in general chemistry, requires the synthesis of a great many pieces of prior course knowledge. At the very least, students must have developed a mental model of matter as being composed of distinct, but interacting particles [39] . From there, students must know how to calculate the total number of valence electrons in a molecule, generate a Lewis structure, determine the molecular shape based on this structure, make predictions about the molecular polarity based on the shape, and then, finally, make a determination about the intermolecular attraction experienced by each of the molecules presented in the question. As in the physics class, there were other questions for which an equivalent or greater number of students responded B or C on the KS, but more of these students then went on to give a correct response on the exam. A correct response on the exam might thus not represent true understanding-if students did not realize that they would be able to respond correctly, they may have arrived at the correct answer by happening upon the correct formula without understanding why it applies. For the intermolecular forces questions, students who have the necessary skills might recognize their ability to be successful, while students who are uncertain how to proceed would be unlikely to happen upon a correct response by rote, or by simply plugging into a memorized formula.
In any discussion about student confidence, a question of the effects of gender or membership in a group that is traditionally underrepresented in the sciences tends to arise. Unfortunately, the small numbers of women and underrepresented minorities enrolled in either Physics 211 or Chemistry 110 (only approximately 25%-30% of the students in the course are female or come from an underrepresented group) make it difficult to draw any conclusions about the effects that this status may have. Given the small numbers involved in our samples, no statistically significant effects were observed between results from males and females. We caution, however, that this does not necessarily imply that males and females were behaving in similar ways in making their selections on the KS, merely that our sample was too small to detect any differences.
VI. CONCLUSIONS
On one level, results from this study provide support for the Dunning-Kruger effect, even when students are asked to predict their performance before completing an assessment.
(With a few exceptions [23] , most prior reports of the Dunning-Kruger effect occurred when students were asked to estimate their score after completing an assessment.) Students in the bottom third of the class tend to overestimate their abilities, while students in the top third of the class or middle of the class appear to be more wellcalibrated. An analysis of the data at the level of individual questions, however, reveals that in another sense students in the top third of the class are not necessarily more metacognitively aware than students in the bottom third of the class. They are not any more successful at distinguishing between the items they will answer correctly and those that they will answer incorrectly than are bottom students. It is possible that top students recognize that they are performing well in the class overall and give KS responses consistent with this observation, without actually distinguishing items that they are able to answer correctly from items that they are not able to answer correctly.
The results presented here support the idea that the ability to answer questions correctly is insufficient to demonstrate true understanding of a concept or idea. The ability to recognize that their understanding is correct is also a necessary part of true understanding. Many students are able to answer questions correctly (for instance, in the case of horizontal circular motion) even if they do not indicate a belief in their ability to answer these questions correctly. In general, students are not successful at identifying all questions that they will be able to answer correctly, nor do they recognize all of those questions that they are unable to answer correctly. Students in the bottom third of the class in particular tend to overestimate their abilities. Students in the top third of the class went on to answer a larger percentage of the items for which they had selected A on the knowledge survey correctly than did students in the bottom third of the class, but students in all groups failed to identify some of the items that they were able to answer correctly, and failed to answer correctly some of those items that they believed they could. If students become more realistic in their self-assessments, and recognize the questions that they are not able to answer correctly, they might be better able to push themselves to develop appropriate understanding. This might also allow them to focus their studying and class preparation time to more precisely fit the topics they do not understand. In all classes, students of all ability levels, not just the poor performers, could benefit from instruction targeted at increasing their metacognitive awareness.
The results presented here suggest several implications for future research. In particular, the specific attributes of questions for which students are more successful at discriminating whether they will be answer correctly or not bear further examination. Research involving a larger pool of students might provide insights into the effects of gender and underrepresented status that were not readily apparent in this study. The results presented here indicate that simply examining the overall ability of students to predict their score on an assessment may not provide sufficient insights into the metacognitive skillfulness of a person or group. An examination of data at the level of individual judgments on individual topics provides a different view of students' metacognitive abilities, and should not be neglected in research studies. Finally, the extent to which students can be trained to be more metacognitively aware could be investigated. A future research project involves investigating whether students who are asked to practice making metacognitive judgments on a daily basis (using a personal response system such as iClicker) increase their skill at making accurate knowledge judgments over time.
